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(54) PROCESS FOR PRODUCING COENZYME Q 10? 



(57) The present invention has for its object to iso- 
late a gene coding for the enzyme synthesizing coen- 
zyme Q 10 side chain synthase from a fungal strain of 
the genus Saitoella and exploit it to advantage for the 
efficient microbial production of coenzyme Q 10 . 
The present invention provides;' 

a DNA having the nucleotide sequence shown un- 
der SEQ IDNO:1; 

a DNA having a nucleotide sequence derived from 



the nucleotide sequence of SEQ ID NO:1 by dele- 
tion, addition, insertion and/or substitution of one or 
a plurality of nucleotides and coding for a protein 
having decaprenyl diphosphate synthase activity; 
a DNA which hybridizes with the DNA having the 
nucleotide sequence of SEQ ID NO:1 under strin- 
gent conditions and codes for a protein having de- 
caprenyl diphosphate synthase activity. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a process for producing coenzyme Q 10 for pharmaceutical and other uses. 
More particularly, the invention relates to a process for producing coenzyme Q 10 which comprises isolating a gene 
coding for the coenzyme Q 10 side-chain synthase, which is a key enzyme involved in the biosynthesis of coenzyme 
Q 10 , i.e. decaprenyl diphosphate synthase, from a fungal strain of the genus Saitoella and introducing it into a host 
microorganism to let it elaborate coenzyme Q 10 . 

BACKGROUND ART 



[0002] The conventional technology for commercial production of coenzyme Q 1 0 comprises isolating the coenzyme 
from a tobacco or other plant and modifying the length of its side chain by a synthetic technique. 

15 [0003] While it is known that coenzyme Q 10 is produced by a broad spectrum of organisms ranging from microor- 
ganisms, such as bacteria and yeasts, to higher animals and plants, the method comprising culturing a microorganism 
and extracting coenzyme Q 10 from the microorganism is regarded as one of the most effective production methods 
andhas actuallybeen exploited commercially. However, the prior art methods are invariably poor in productivity, pro- 
viding only low yields and/or involving time-consuming procedures. 

20 [0004] The pathways for biosynthesis of coenzyme Q 10 in organisms are partly different between the prokaryotes 
and the eukaryotes but invariably comprise a complicated cascade of reactions involving many kinds of enzymes. 
However, these pathways are basically comprised of three fundamental steps, namely the step of synthesizing deca- 
prenyl diphosphate as the precursor of the prenyl side-chain of coenzyme Q 10 , the step of synthesizing p-hydroxyben- 
zoic acid as the basis of the quinone ring of coenzyme Q 10 , and the step of coupling these two compounds together 

25 and effecting a serial substituent transformation to complete coenzyme Q 10 . Of these reactions, the reaction determin- 
ing the length of the side-chain of coenzyme Q 10 and acknowledged to be the rate-determining step of its biosynthesis, 
i.e. the reaction catalyzed by decaprenyl diphosphate synthase, is considered to be the most important reaction. There- 
fore, in order that coenzyme Q 10 may be produced with good efficiency, it seems worthwhile to isolate the key gene 
involved in said biosynthesis, namely the gene coding for decaprenyl diphosphate synthase, and utilize it for enhanced 

30 production of the enzyme. As sources of the gene, fungi capable of producing coenzyme Q 10 in comparatively large 
amounts can be regarded as useful candidates. 

[0005] Heretofore, genes coding for decaprenyl diphosphate synthase have been isolated from several kinds of 
microorganisms, such as Schizosacc h aromyces pombe (JP09-173076A) and Gluconobacter suboxydans 
(JP 10-57072 A), etc., but the inherent coenzyme Q 10 productivity of these microorganisms cannot be consideredhigh 
35 enough and neither an efficient cultural protocol for these microorganisms nor an efficient isolation and purification 
procedure has been established as yet. Therefore, there has been a standing demand for isolation of a coenzyme Q 10 - 
encoding gene from a microorganism capable of highly producing a coenzyme Q 10 . 

[0006] Devoted to providing a solution to the above-mentioned production problems, the present invention has for 
its object to isolate a gene coding for the enzyme synthesizing the coenzyme Q 10 side chain from a fungal strain of 
40 the genus Saitoella and exploit it to advantage for the efficient microbial production of coenzyme Q 10 . 

DISCLOSURE OF THE INVENTION 



[0007] To accomplish the above object, in the present invention, the key gene involved in the biosynthesis of coen- 
zyme Q 10 , namely the gene coding for decaprenyl diphosphate synthase, was isolated from a fungal strain of the genus 
Saitoella in the first place. Then, this gene was introduced and allowed to be expressed in a host microorganism, such 
as Escherichia coli , to thereby enable the host to produce coenzyme Q 10 with efficiency 
[0008] The inventors of the present invention made intensive investigations for isolating such genes coding for de- 
caprenyl diphosphate synthase from fungal strains of the genus Saitoella capable of producing comparatively large 
50 amounts of coenzyme Q 10 and have succeeded in isolating said genes. 

[0009] The present invention, therefore, is concerned with a DNA of the following (a), (b) or (c): 

(a) a DNA having the nucleotide sequence shown under SEQ ID NO:1 ; 

(b) a DNA having a nucleotide sequence derived from the nucleotide sequence of SEQ ID NO:1 by deletion, 
addition, insertion and/or substitution of one or a plurality of nucleotides and coding for a protein having decaprenyl 
diphosphate synthase activity; 

(c) a DNA which hybridizes with the DNA having the nucleotide sequence of SEQ ID NO:1 under stringent condi- 
tions and codes for a protein having decaprenyl diphosphate synthase activity. 
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[0010] The present invention is further concerned with a protein of the following (d) or (e). 

(d) a protein having the amino acid sequence shown under SEQ ID NO:2; 

(e) a protein having an amino acid sequence derived from the amino acid sequence of SEQ ID NO:2 by deletion, 
addition, insertion and/or substitution of one or a plurality of amino acids and having decaprenyl diphosphate 
synthase activity. 



[0011] The invention is further concerned with a DNA coding for this protein. 

[0012] The present invention is further concerned with an expression vector containing said DNA. For the expression 
10 vector of the invention, various vector systems heretofore known can be utilized and, therefore, may for example be 
pNTSal as constructed by cloning the DNA having the sequence of SEQ ID NO:1 into the vector pUCNT for expression. 
[0013] The present invention is further concerned with a transformant as constructed by transforming a host micro- 
organism with said DNA. As the host microorganism for the invention, Escherichia coli can be used with advantage. 
[0014] The invention is further concerned with a process for producing coenzyme Q 10> which comprises culturing 
'5 said transformant in a culture broth and harvesting the coenzyme Q 10 produced and accumulated in the resulting 
culture. 

[0015] The host microorganism for this process is not particularly restricted but may be Escherichia coli to mention 
a preferred example. The coenzyme Q produced by Escherichia coli is coenzyme Q 8 but the invention enables this 
microorganism to produce coenzyme Q 10 . 
20 [0016] The inventors made intensive investigations on the isolation of the enzyme gene from a fungal strain which 
belongs to the genus Saitoella and is capable of producing comparatively large amounts of coenzyme Q 10 and suc- 
ceeded in acquiring a fragment of the particular gene by the PCR technique. 

[0017] The inventors compared the sequence of the known gene coding for decaprenyl diphosphate synthase with 
the genes coding for polyprenyl diphosphate synthases, namely long-chain prenyl synthases which are analogous to 

25 said known enzyme gene but differ from the same in chain length and, for the region of high homology and synthesized 
various PCR primers. Using these primers in various combinations, they studied PCR conditions. As a result, they 
found by analysis of the gene sequence that when a PCR, using DPS-1 (5-AAGGATCCTNYTNCAYGAYGAYGT-3') 
and DPS-1 1 AS (5'-ARYTGNADRAAYTCNCC-3') [in the above sequences, R means A or G; Y means C or T, and N 
means G, A, T or C] as primers, is carried out according to the protocol of heat-treatment at 94 °C x 3 minutes, followed 

30 by 40 cycles of 94 °C, 1 minute -> 43 °C, 2 minutes -> 72 °C, 2 minutes, a ca. 220 bp fragment of the enzyme gene 
can be amplified from the chromosome gene of Saitoella complicata IFO 10748, a fungus belonging to the genus 
Saitoella . 

[001 8] Then , to acquire the full length of this enzyme gene, the chromosome gene of Saitoella complicata I FO 1 0748 
is digested with the restriction enzyme EcoRI and inserted into a X phage vector to construct a recombinant phage 

35 library. After the plaque is transferred to a nylon membrane, the plaque hybridization is carried out using the labeled 
PCR fragment, whereby a clone having the full-length decaprenyl diphosphate synthase gene can be obtained. 
[0019] Sequencing of the decaprenyl diphosphate synthase gene occurring in the above clone reveals that the gene 
has the nucleotide sequence shown under SEQ ID NO:1 of SEQUENCE LISTING. The amino acid sequence deduced 
from the above nucleotide sequence is shown under SEQ ID NO:2. Here, a sequence characteristic of a gene coding 

40 for decaprenyl diphosphate synthase is observed. 

[0020] The DNA of the invention may be any of the DNA having the nucleotide sequence shown under SEQ ID NO: 
1 , the DNA having a nucleotide sequence derived from the sequence of SEQ ID NO:1 by deletion, addition, insertion 
and/or substitution of one or a plurality of nucleotides and coding for a protein having decaprenyl diphosphate synthase 
activity, and the DNA which hybridizes with the DNA having the nucleotide sequence of SEQ ID NO: 1 under stringent 

45 conditions and codes for a protein having decaprenyl diphosphate synthase activity. 

[0021] The "nucleotide sequence derived by deletion, addition, insertion and/or substitution of one or a plurality of 
nucleotides" means any nucleotide sequence derived by deletion, addition, insertion and/or substitution of a number 
of nucleotides of the order which can be deleted, added, inserted and/or substituted by the methods well known in the 
art, for example as described in, inter alia , Protein, Nucleic Acid, Enzyme, Supplemental Issue: Gene Amplification 

so PCR Technology TAKKAJ 35 (17), 2951-3178 (1990) and Henry A. Eriich (ed.), PCR Technology (the translation edited 
by Ikunoshin Kato) (1990). 

[0022] As used in this specification, the term "protein having decaprenyl diphosphate synthase activity" means a 
protein capable of synthesizing decaprenyl diphosphate in a yield of not less than 10%, preferably not less than 40%, 
more preferably not less than 60%, still more preferably not less than 80%, relative to the protein having the amino 
55 acid sequence shown under SEQ ID NO:2. Such yield measurements can be made by the technique which comprises 
reacting FDP (farnesyl diphosphate) and 14 C-IPP (radiolabeled isopentenyl diphosphate) with the enzyme of interest, 
hydrolyzing the resulting 14 C-DPP (decaprenyl diphosphate) with phosphatase, fractionating the hydrolysate by TLC, 
and assaying the amounts taken up in spots corresponding to the respective chain lengths (Okada et al., Eur. J. Bio- 
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chem., 255, 55 to 59). 

[0023] The "DNA which hybridizes with the DNA having the nucleotide sequence of SEQ ID NO:1 under stringent 
conditions" means a DNA obtained by colony hybridization, plaque hybridization, Southern hybridization or the like 
hybridization techniques using the DNA having the nucleotide sequence of SEQ ID NO : 1 as the probe. Anyone skilled 
s in the art may easily acquire the objective DNA by carrying out said hybridization according to the methods described 
in Molecular Cloning, 2nd Edition (Cold Spring Harbor Laboratory Press, 1989). 

[0024] The protein of the present invention may have the amino acid sequence shown under SEQ ID NO:2 or an 
amino acid sequence derived from the amino acid sequence shown under SEQ ID NO:2 by deletion, addition, insertion 
and/or substitution of one or a plurality of amino acids and having decaprenyl diphosphate synthase activity. 
10 [0025] "The amino acid sequence derived by deletion, addition, insertion and/or substitution of one or a plurality of 
amino acids" can be obtained by effecting such deletion, addition, insertion and/or substitution by the technology well 
known in the art, such as region-specific mutagenesis techniques. Specific procedures are described in Nucleic Acid 
Res. 10, 6487 (1982), Methods in Enzymology, 100, 448 (1983) and other literature. 

[0026] The protein of the present invention preferably has an amino acid sequence showing a homology of not less 
'5 than 60%, preferably not less than 70%, more preferably not less than 80%, still more preferably not less than 90%, 
further still more preferably not less than 95%, to the amino acid sequence shown under SEQ ID NO:2. 
[0027] The "homology" is calculated by aligning two nucleotide sequences to be compared in the optimum format, 
counting the matched base positions (A, T, C, G, U or I) between the two sequences, dividing the count by the total 
number of bases compared, and multiplying the product by 100. Specifically, this calculation can be made using an 
20 analytical software such as Hitachi Soft Engineering's DNASIS, Software Development's GENETYX, or Finland CSC's 
Clustai X, for instance. 

[0028] While the gene coding for decaprenyl diphosphate synthase must be ligated downstream of a suitable pro- 
moter for expression, an expression vector can be constructed, for example by excising a DNA fragment containing 
the gene with a restriction enzyme or amplifying the enzyme-encoding gene selectively by PCR, followed by cloning 

25 it into a vector having a promoter. In the present invention, the expression vector into which the DNA coding for the 
protein having decaprenyl diphosphate synthase activity may be inserted is not particularly restricted but may for ex- 
ample be one constructed by ligating a suitable promoter to a plasmid derived from E. coli. The plasmid of E. coli origin 
includes pBR322, pBR325, pUC19 and pUC119, while the promoter includes T7 promoter, trp promoter, tac promoter, 
lac promoter and X PL promoter. Further, as the expression vector of this invention, pGEX-2T, pGEX-3T, pGEX-3X (all 

30 from Pharmacia), pBluescript, pUC19 (from Toyobo), pMALC2, pET-3T and pUCNT (described in WO 94/03613), etc. 
can also be mentioned. Among these, pUCNT can be used with advantage. To mention a specific example, the vector 
pNTSal forthe expression of a decaprenyl diphosphate synthase gene can be constructed by inserting the gene having 
the DNA sequence shown under SEQ ID NO:1 into the expression vector pUCNT 

[0029] Then, this enzyme gene expression vector is introduced into a suitable microorganism, whereby the micro- 
ns organism is rendered capable of producing coenzyme Q 10 . The host microorganism is not particularly restricted but 
Escherichia coli can be used with advantage. The Escherichia coli is not particularly restricted but includes such strains 
as XL1 -Blue, BL-21 , JM 1 09, NM522, DH5a, HB1 01 and DH5, among others. Among these, E. coli DH5a can be used 
with particular advantage . For example, when the expression vector pNTSal containing the decaprenyl diphosphate 
synthase gene is introduced into this E. coli strain, the coenzyme Q 10 , which the intact E. coli inherently does not 
40 produce, can be produced in a large amount. This E. coli DH5a (pNTSal) has been deposited with National Institute 
of Bioscience and Human-Technology (Higashi 1-1-3, Tsukuba-shi, Ibaraki, Japan) under the accession number of 
FERM BP-6844. 

[0030] Furthermore, Escherichia coli KQ229 (Journal of Bacteriology, 179, 3058-3060 (1 997), the octaprenyl diphos- 
phate synthase gene-knockout E. coli strain constructed by Kawamukai et al. as the host microorganism, is incapable 
45 of producing coenzyme Q 8 and can be utilized as the host for higher production of coenzyme Q 10 . 

[0031] The gene can be used not only singly but may be introduced together with another biosynthesis-related gene 
into a microorganism to thereby obtain still more satisfactory results. 

[0032] Coenzyme Q 10 can be produced by culturing the transformant obtained according to the invention and har- 
vesting the product coenzyme Q 10 in a roer se known manner . When the host microorganism is a strain of Escherichia 

so coli, either LB broth or M9 broth containing glucose and casamino acids can be used as the culture broth. In order that 
the promoter may be allowed to function with efficiency, the broth may be supplemented with a certain chemical such 
as isopropyl-thiogalactoside or indolyl-3-acrylic acid. Culture can be carried out at 37 °C for 1 7 to 24 hours, for instance, 
optionally under aeration or agitation. In the practice of the invention, the product coenzyme Q 10 may be used after 
purification or as it is in the crude form, depending on the intended use. Isolation of coenzyme Q 10 from the culture 

55 can be made-by using known separation and purification procedures in a suitable combination. As such known sepa- 
ration and purification procedures, there can be mentioned techniques utilizing solubilities, such as salting-out and 
solvent precipitation; techniques chiefly utilizing differences in molecular weight, such as dialysis, ultrafiltration, gel 
filtration and (SDS-)polyacrylamide gel electrophoresis; techniques utilizing differences in charge, such as ion ex- 
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change chromatography; techniques utilizing specific affinity, such as affinity chromatography; techniques utilizing dif- 
ferences in hydrophobicity, such as reversed-phase high performance liquid chromatography; and techniques utilizing 
differences in isoelectric point, such as isoelectric focusing, among others. 

[0033] The use for the coenzyme Q 1 0 obtained according to the invention is not particularly restricted but the enzyme 
5 can be applied to pharmaceuticals with advantage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Fig. 1 is a restriction map of the pNTSal vector containing the decaprenyl diphosphate synthase gene. 
10 [0035] Fig. 2 is an HPLC chart of the coenzyme Q 10 produced by the recombinant Escherichia coli DH5a as trans- 
formed with the decaprenyl diphosphate synthase gene. 

[0036] Fig. 3 is an HPLC chart of the coenzyme Q 10 produced by the recombinant Escherichia coli K0229 as trans- 
formed with the decaprenyl diphosphate synthase gene. 

15 BEST MODE FOR CARRYING OUT THE INVENTION 



[0037] The chromosome DNA of Saitoella complicata IFO 1 0748 was prepared by the method of C. S. Hoffman et 
20 al. (Gene, 57 (1987), 267-292). Based on the homology to the known long-chain prenyl diphosphate synthase genes, 
PCR primers, i.e. DPS-1 (5*- AAGG ATCCTN YTN C AYG AYG AYGT-3') and DPS-1 1 AS (5'-ARYTGNADRAAYTCNCC- 
3'), were designed. In the above sequences, R stands for A or G; Y for C or T; and N for G, A, T or C. Using these 
primers, PCR was carried out under the conditions of heat treatment at 94 °C, 3 min. followed by 40 cycles of 94 °C, 
1 min. -» 43 °C, 2 min. -» 72 °C, 2 min., and the PCR product was analyzed by 1 .2% agarose gel electrophoresis. 
25 [0038] The ca. 220 bp fragment thus obtained was excised from the gel and purified using a DNA extraction kit 
(Sephaglas™ BrandPrep Kit, Amersham Pharmacia Biotech). Then, using a PCR product direct cloning kit (pT7BlueT- 
Vector Kit, NOVAGEN), the DNA was cloned into the E . coli expression vector to givepT7-SaDPS. Then, using a DNA 
sequencer (Model 377, Perkin-Elmer) and a DNA sequencing kit (Perkin-Elmer; ABI PRISM™ BigDye™ Terminator 
Cycle Sequence Ready Reaction Kit with AmptiTaq™ DNA Polymerase, FS), DNA sequencing was carried out ac- 
30 cording to the kit manufacturer's protocol. As a result, there was obtained a sequence corresponding to the nucleotides 
717 through 924 of SEQ ID NO:1 under SEQUENCE LISTING. The translation sequence thus obtained contained 
"GDFLLGRA" which is a characteristic region of polyprenyl diphosphate synthases and, therefore, was considered to 
be part of the decaprenyl diphosphate synthase gene. 

35 (Example 2) 

[0039] Using 0.03 u.g of a pT7-SaDPS vector containing a 220 bp DNA fragment which was considered to be the 
decaprenyl diphosphate synthase gene of Saitoella complicata IFO 10748, PCR using primers Sa-1S (which has the 
sequence of 5'-GAGACCAGACGAAACGCACCA-3') and Sa-2AS (which has the sequence of 5'-TGGTGCGTT- 
40 TCGTCTGGTCTC-3') was carried out [94 °C, 3 min. ^ (94 °C, 30 sec. -> 55 °C, 30 sec. -> 72 °C, 1 min.) x 25 cycles 
-> 72 °C, 5 min. -» 4 °C]. The PCR product was subjected to gel electrophoresis using 1 .2% agarose (Takara) and a 
ca. 145 bp fragment was excised from the gel and purified using a DNA extraction kit (Sephaglas™ BrandPrep Kit; 
Amersham Pharmacia Biotech). Using about 1 00 ng of this DNA fragment, chemiluminescence labeling was performed 
using ECL Direct Nucleic Acid Labeling System (Amersham Pharmacia Biotech). 



[0040] The chromosome DNA of Saitoella complicata IFO 10748 was digested with the restriction enzyme EcoRI 
and electrophoresed through 0.8% agarose gel. This gel was denatured with alkali (0.5 M NaOH, 1.5 M NaCI) and 
neutralized (0.5 M Tris-HCI (pH 7.5), 1 .5 M NaCI), after which HYBOND N + filter (Amersham) was placed on the gel 
and the Southern transfer was carried out using 20 x SSC overnight. This filter was dried and heated at 80 °C for 2 
hours and using ECL Direct Nucleic Acid Labeling/Detection System (Amersham Pharmacia Biotech), Southern hy- 
bridization and detection were carried out. Thus, using Gold Hybridizatioon Solution (Amercham Pharmacia Biotech), 
prehybridization was performed at 42 °C for 1 hour. 

[0041] The chemiluminescence-labeled probe was heated at 95 °C for 5 minutes, quenched on ice, and added to 
the prehybridization solution used for filter prehybridized and the hybridization was carried out at 42 °C for 22 hours. 
This filter was washed with 0.5 x SSC solution containing 6 M urea and 0.4% SDS at 42 °C twice for 20 minutes each 
and, then, washed with 2 x SSC solution at room temperature twice for 5 minutes each. This filter was immersed in 



(Example 1) 



45 



(Example 3) 
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Enhanced Chemiluminescence Reagent (product of Amersham Pharmacia Biotech) and, then, exposed in intimate 
contact with X-ray film to detect a black exposure band. 

[0042] As a result, the probe was found to have firmly hybridized with a ca. 10 kbp EcoRI restriction fragment. 
(Example 4) 



[0043] The chromosome DNA of Saitoelia complicata IFO 10748 was digested with the restriction enzyme EcoRI 
and electrophoresed through 0.8% agarose and a ca. 1 0 kbp fragment of the DNA was excised from the gel and purified 
to prepare a DNA fragment for cloning. Using X -DASHII Phage Kit (product of Stratagene), the above DNA fragment 

10 was inserted into the EcoRI site of its phage and the packaging was made using In Vitro Packaging Kit (Amersham). 
Escherichia coli XL1 -Blue MRA (P2) was infected and layered on NZY plate medium (5g/L NaCI, 2 g/L MgS0 4 • 7H 2 0, 
5 g/Lyeast extract, 10 g/L NZ amine, 18 g/L agar (pH 7.5)) together with NZY soft agar (the agar only of NZY plate 
medium, 8 g/L) for use as a plaque. This was transferred to HYBOND N + filter (product of Amersham), denatured with 
alkali (0.5 M NaOH, 1.5 M NaCI), neutralized (0.5 M Tris-HCI (pH 7.5), 1 .5 M NaCI), dried, and heated at 80 °C for 2 

15 hours. 

[0044] Using 9 filters heated as above, the prehybridization and the hybridization using the chemiluminescence- 
labeled probe were carried out as in Example 3 and the filters were rinsed. Each filter was then dried and exposed in 
intimate contact with X-ray film and the phage plaque corresponding to the black exposure spot was separated. The 
phage of the separated plaque was used to infect E. coli in the same manner as above and transferred to the filter and 

20 the hybridization was carried out again for confirmation. As a result, 6 phage clones could be selected. 

[0045] Using a suspension of the phage, PCR was carried out using said Sa-1 S and Sa-2AS primers, and as a result, 
a 145-bp DNA fragment could be detected in 6 clones. Therefore, the phage DNA was prepared from the recombinant 
X -DASHII phage particles according to Laboratory Manual for Genetic Engineering (Masami Muramatsu, Maruzen, 
1990). For sub-cloning, the phage DNA thus prepared was digested with the restriction enzymes Sail and Sad and 

25 electrophoresed through 0.8% agarose gel. This gel was denatured with alkali (0.5 M NaOH, 1 .5 M NaCI) and neutral- 
ized (0.5 M Tris-HCI (pH 7.5), 1 .5 M NaCI). Then, a HYBOND N + filter (Amersham) was placed on the gel and subjected 
to Southern transfer using 20 x SSC overnight. This filter was dried and heated at 80°C for 2 hours, after which the 
Southern hybridization and detection were carried out using ECL Direct Nucleic Acid Labeling/Detection System (Am- 
ersham Pharmacia Biotech). Thus, using Gold Hybridizatioon Solution (Amersham Pharmacia Biotech), the prehybrid- 

30 ization was carried out at 42 °C for 1 hour. 

[0046] The chemiluminescence-labeled probe was heated at 95 °C for 5 minutes, quenched on ice, and added.to 
the prehybridization solution used for fitter prehybridized and the hybridization was carried out at 42 °C for 22 hours. 
This filter was washed with 0.5 x SSC containing 6 M urea and 0.4% SDS at 42 °C twice for 20 minutes each and, 
then, with 2 x SSC at room temperature twice for 5 minutes each. The filter was immersed in Enhanced Chemilumi- 

35 nescence Reagent (Amersham Pharmacia Biotech) and exposed in intimate contact with X-ray film to detect a black 
exposure band. 

[0047] As a result, the probe was found to have intimately hybridized with a ca. 4.5 kb fragment as obtained by 

digestion with the restriction enzyme Sail and a ca. 3.5 kb fragment as obtained by digestion with Sacl. 

[0048] The phage DNA was digested with the restriction enzymes Sail and Sacl and electrophoresed through 0.8% 

40 agarose gel. The restriction fragment corresponding to the position and size of the black exposure band was excised 
from the gel and purified using a DNA extraction kit (Sephaglas™ Brand Prep Kit; Amersham Pharmacia Biotech). 
Then, using a DNA sequencer (Model 377, Perkin-Elmer Corp.) and a DNA sequence kit (Perkin-Elmer Corp., ABl 
PRISM™ BigDye™ Terminator Cycle Sequence Ready Reaction Kit with AmptiTaq™ DNA polymerase, FS), the se- 
quencing was carried out in accordance with the manufacturer's protocol. 

45 [0049] As a result, it was found that the Sail site and Sacl site are located at positions 1 1 24 and 1241 , respectively, 
of SEQ ID NO:1 under SEQUENCE LISTING and that no fragment contained the C-terminal. So, for Sail, which is the 
upstream one of the two restriction enzymes, in the decaprenyl diphosphate synthase gene, the remaining fragments 
were examined. As a result, a 3 kbp fragment was found to contain a sequence including a terminal region of the Sacl 
fragment up to the termination codon. By analyzing these 3 restriction fragments, the full-length sequence of the de- 

50 caprenyl diphosphate synthase gene could be elucidated. Of the three DNA fragments, the ca. 1 .6 kbp fragment was 
sequenced. The result is shown as SEQ ID NO:1 under SEQUENCE LISTING. Moreover, the amino acid sequence 
deduced from the above DNA sequence is shown as SEQ ID NO:2. 

[0050] Comparison of the DNA sequence thus obtained with that of the decaprenyl diphosphate synthase gene of 
Saccharomyces cerevisiae as described in Journal of Biological Chemistry, 265, 13157-13164 (1990) revealed about 
55 48% homology on the amino acid level as analyzed using Hitachi Soft Engineering's DNASIS software. Comparison 
with the decaprenyl diphosphate synthase derived from Schizosaccharomyces pombe as described in Japanese Kokai 
Publication Hei-9-1 73076 by means of DNASIS revealed 49% homology on the amino acid level. 
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(Example 5) 



[0051] In order to selectively excise the gene region coding for decaprenyl diphosphate synthase from the prepared 
phage DNA, PCR was carried out using synthetic DN A primers Sa-N1 (which has the sequence of 5'- AACATATGGCCT- 
CACCAGCACTGCGG-3 1 ) and Sa-C (which has the sequence of 5'-AAGAATTCCTATCTTGACCTAGTCAACAC-3') in 
otherwise the same manner as in Example 3. After digestion with the restriction enzymes Ndel and EcoRI, the fragment 
was inserted into the expression vector pUCNT (disclosed in WO 94/03613) to construct the decaprenyl diphosphate 
synthase gene expression vector pNTSal. The restriction map of the expression vector pNTSal thus obtained is shown 
in Fig. 1 . It is to be noted that DPS represents the coding region of the decaprenyl diphosphate synthase gene. 



[0052] The decaprenyl diphosphate synthase gene expression vector pNTSal constructed as above was introduced 
into Escherichia coli DH5a. The microorganism was shake-cultured in 10 mL of LB broth at 37°C overnight and the 
cells were harvested by centrifugation (3000 rpm, 20 min.). 

[0053] The cells were suspended in 1 mL of 3% aqueous solution of sulfuric acid and heat-treated at 120°C for 30 
minutes . Then, 2 mL of 14% aqueous solution of sodium hydroxide was added and the mixture was further heat- 
treated at 1 20 °C for 1 5 minutes. The fysate obtained was extracted with 3 mL of hexane-isopropyl alcohol (10:2), and 
after centrifugation, 1 .5 mL of the organic layer was separated and evaporated to dryness under reduced pressure. 
The residue was dissolved in 200 \iL of ethanol and a 20 u.L portion of the solution was subjected to HPLC analysis 
(LC-10A, Shimadzu Corporation). Fractionation was carried out using a reversed-phase column (YMC-pack ODS-A, 
250 x 4.6 mm, S-5 u,m, 120 A) and, as the mobile phase, ethanol-methanol (2:1) and the coenzyme Q 10 produced 
was detected from the absorbance at the wavelength of 275 nm. The result is shown in Fig. 2. As can be seen from 
Fig. 2, it was found that when the decaprenyl diphosphate synthase gene is introduced into a host and allowed to be 
expressed, the resulting recombinant Escherichia coli produces coenzyme Q 10 which E. coli in general inherently does 
not produce. 

[0054] The recombinant E. coli DH5a (pNTSal) obtained as above has been deposited with "National Institute of 
Bioscience and Human-Technology (Higashi 1 -1 -3, Tsukuba-shi, Ibaraki, Japan) as of Heisei 11 , August 1 7 (accession 
number FERM BP-6844). 



[0055] The octaprenyl diphosphate synthase gene-knockout Escherichia coli K0229 constructed by Kawamukai et 
al. is known to retain the gene supported on the spectinomycin-resistant plasmid (pKA3) and die on dropout of said 
plasmid (Journal of Bacteriology, 179, 3058-3060 (1 997). The pNTSal was introduced into the above knockout strain, 
cultu ring the microorganism in 10 mL of ampicillin-containing LB broth by shake culture at 37 °C overnight, subculturing 
1% of the culture in 10 mL of fresh ampicillin-containing LB broth and culturing the microorganism further by shake- 
culture at 37 °C overnight, and after 9 cycles of the above cultural procedure, selecting the strain growing on ampicillin- 
containing LB plate medium but not growing on spectinomycin-containing LB plate medium. 



[0056] The pNTSal -transfected strain constructed in Example 7 was shake-cultured in 10 mL of LB broth at 37 °C 
overnight and the cells were harvested by centrifugation (3000 rpm, 20 min.). 

[0057] The cells were suspended in 1 mL of 3% aqueous solution of sulfuric acid and heat-treated at 1 20 °C for 30 
min. Then, 2 mL of 14% aqueous solution of sodium hydroxide was added and the mixture was further heat-treated 
at 120 °C for 15 minutes. The lysate cells were extracted with 3 mL of hexane-isopropyl alcohol (10:2) and centrifuged 
to recover 1 .5 mL of the organic layer and the solvent was evaporated to dryness under reduced pressure. The residue 
was dissolved in 200 |iL of ethanol and a 20 u,L portion of the solution was subjected to HPLC analysis (LC-10A, 
Shimadzu Corporation). Fractionation was carried out by using a reversed-phase column (YMC-pack ODS-A, 250 x 
4.6 mm, S-5 urn, 120 A) and, as the mobile phase, ethanol-methanol (2:1 ) and the product coenzyme Q 10 was detected 
from the absorbance at the wavelength of 275 nm. The result is shown in Fig. 3. It is clear from Fig. 3 that as the 
decaprenyl diphosphate synthase gene was introduced and allowed to be expressed, the host Escherichia coli was 
enabled to produce coenzyme Q 10 which it inherently does not produce and enabled to be transformed so as to yield 
coenzyme Q 10 in an increased amount more than that of the coenzyme Q 8 producer E. coli strain. 



(Example 6) 



(Example 7) 



(Example 8) 
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INDUSTRIAL APPLICABILITY 

[0058] The gene coding for the key enzyme associated with the biosynthesis of coenzyme Q 10 , namely decaprenyl 
diphosphate synthase, was isolated from fungi of the genus Saitoella and its nucleotide sequence was elucidated. 
Furthermore, the gene was successfully introduced and expressed in Escherichia coli . By utilizing the technology of 
the invention, coenzyme Q 10 in use as a pharmaceutical can be producedwith improved efficiency. 
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Sequence listing 

<110> Kaneka Corporation 

<120> Process for producing coenzyme Qio 

<130> T549/QX-GT2 

<150> JP P1999-237561 
<151> 1999-08-24 

<160> 2 

<210> 1 
<211> 1653 
<212> DNA 

<213> Saioella complicata 



<400> 1 

30 ttttgtgggg tcgaaaagtc ggcacgggtg caggttcggc ttgagaccac taaaggctcg 60 

gagattgagt tcaggacaaa gctttgatcc gtgaggtcta catcttcagc aaatcatttc 120 



aaatccatat acc atg gcc tea cca gca ctg egg ata cga age ate age 169 
Met Ala Ser Pro Ala Leu Arg lie Arg Ser lie Ser 
1 5 10 

tct cga tea ate gcc tct ctg cga teg gtt acc eta aga aca gcc teg 217 
Ser Arg Ser lie Ala Ser Leu Arg Ser Val Thr Leu Arg Thr Ala Ser 
15 20 25 

gca cct tea tta cga eta aga tgt acc ccg acg age egg cca teg agt* 265 
Ala Pro Ser Leu Arg Leu Arg Cys Thr Pro Thr Ser Arg Pro Ser Ser 
30 35 40 

tea tgg get get get gtg tct teg gcg teg aga ctg gtt gag cct gat 313 
Ser Trp Ala Ala Ala Val Ser Ser Ala Ser Arg Leu Val Glu Pro Asp 
45 50 55 60 
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ccg aat caa cct etc ate aat ccg etc aac ttg gtc ggt ccc gag atg 361 

Pro Asn Gin Pro Leu lie Asn Pro Leu Asn Leu Val Gly Pro Glu Met 
65 70 75 

tea aat ctt aca tec aac ate cga tct etc etc ggt tea gga cac cct 409 

Ser Asn Leu Thr Ser Asn lie Arg Ser Leu Leu Gly Ser Gly Kis Pro 
80 85 50 

tct etc gac act gtc get aaa tac tat gtt cag tct gag gga aag cat 457 

Ser Leu Asp Thr Val Ala Lys Tyr Tyr Val Gin Ser Glu Gly Lys His 

95 100 105 

att cgt ccg etc atg gta ctg ctg atg get cag gcg acg gag gtt gcg 505 

lie Arg Pro Leu Met Val Leu Leu Met Ala Gin Ala Thr Glu Val Ala 
110 115 120 

cca aaa gtt cag ggt tgg gag aag gtc gtg gag gtt ccg gtg aac gag 553 

Pro Lys Val Gin Gly Trp Glu Lys Val Val Glu Val Pro Val Asn Glu 

125 130 135 140 

gga etc gca cca cca gag gtg etc aat gac aag aac cca gat atg atg 601 

Gly Leu Ala Pro Pro Glu Val Leu Asn Asp Lys Asn Pro Asp Met Met 
145 150 155 

aac atg agg tea gga cca tta acg aag gac ggc gag ate gag gga cag 649 

Asn Met Arg Ser Gly Pro Leu Thr Lys Asp Gly Glu lie Glu Gly Gin 
160 165 170 

acg teg aat ate etc gee teg caa egg egg ttg get gag ate acg gag 697 

Thr Ser Asn He Leu Ala Ser Gin Arg Arg Leu Ala Glu He Thr Glu 

175 180 185 

atg ate cat gca gca tea etc etc cac gac gac gtt ate gac get tec 745 

Met He His Ala Ala Ser Leu Leu His Asp Asp Val He Asp Ala Ser 
190 195 200 



55 
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gag acc aga cga aac gca cca tec gga aac cag gca ttc gga aac aag 793 
Glu Thr Arg Arg Asn Ala Pro Ser Gly Asn Gin Ala Phe Gly Asn Lys 
205 210 215 220 



atg gcg att ttg get ggt gat ttc ttg ttg gga egg gcg tct gtt gca 841 
Met Ala lie Leu Ala Gly Asp Phe Leu Leu Gly Arg Ala Ser Val Ala 
225 230 235 



15 ttg gcg agg ttg cgc aat ccg gag gtg att gag ctt ttg get act gtt 889 

Leu Ala Arg Leu Arg Asn Pro Glu Val lie Glu Leu Leu Ala Thr Val 
240 245 250 



w 



20 



25 



30 



50 



att gca aac ttg gtt gag gga gag ttc atg cag ttg aaa aat act gtt 937 

lie Ala Asn Leu Val Glu Gly Glu Phe Met Gin Leu Lys Asn Thr Val 
255 260 265 

gat gat gcg att gag get acg gcg acg cag gaa acg ttc gat tac tat 985 

Asp Asp Ala lie Glu Ala Thr Ala Thr Gin Glu Thr Phe Asp Tyr Tyr 
270 275 280 



ttg cag aag act tac ttg aag act gcg tec ttg att gec aag teg tgc 1033 

Leu Gin Lys Thr Tyr Leu Lys Thr Ala Ser Leu lie Ala Lys Ser Cys 

35 285 290 295 300 

aga gca agt gcg ctt ctg ggt ggt get acg cct gag gtt get gat get 1081 

Arg Ala Ser Ala Leu Leu Gly Gly Ala Thr Pro Glu Val Ala Asp Ala 

40 

305 310 315 

get tat get tac gga agg aac ctt ggt ttg gca ttc cag ate gtc gac 1129 

45 Ala Tyr Ala Tyr Gly Arg Asn Leu Gly Leu Ala Phe Gin He Val Asp 

320 325 330 



gac atg etc gac tac acc gtc tec get acc gac etc ggt aag ccc gec 1177 
Asp Met Leu Asp Tyr Thr Val Ser Ala Thr Asp Leu Gly Lys Pro Ala 
335 340 345 
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ggt gca gac etc cag etc ggt etc gee acc gcg ccg gee etc ttc gca 1225 

Gly Ala Asp Leu Gin Leu Gly Leu Ala Thr Ala Pro Ala Leu Phe Ala 
5 350 355 360 

tgg aag cac cac gec cag etc ggt ccc atg ate aag cgc aag ttc tct 1273 

10 Trp Lys His His Ala Glu Leu Gly Pro Met lie Lys Arg Lys Phe Ser 

365 370 375 380 



15 



20 



25 



30 



35 



gac cca gga gac gtc gag cgt gca cgc gag ttg gtc gag aaa agt gat 1321 
Asp Pro Gly Asp Val Glu Arg Ala Arg Glu Leu Val Glu Lys Ser Asp 
385 390 395 

gga ttg gag aag acg aga gec ttg gcg gag gag tat gee cag aag gcg 13 69 
Gly Leu Glu Lys Thr Arg Ala Leu Ala Glu Glu Tyr Ala Gin Lys Ala 
400 405. v 410 

ttg gat gca att egg acg ttc ccg gag agt ccg gca egg aag get ttg 1417 
Leu Asp Ala He Arg Thr Phe Pro Glu Ser Pro Ala Arg Lys Ala Leu 
415 420 425 

gag cag ttg acg gac aag gtg ttg act agg tea aga taggaattcgagct 1467 
Glu Gin Leu Thr Asp Lys Val Leu Thr Arg Ser Arg 
430 435 440 



cggtacccgg ggatcctcta gagtcgacct geaggcatge aagcttggct gttttggcgg 1527 
40 atgagagaag attttcagee tgatacagat taaatcagaa cgcagaagcg gtctgataaa 1587 

acagaatttg cctggcggca gtagcgcggt ggtcccacct gaccccatgc cgaactcaga 1647 



45 
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<210> 2 
<211> 440 
<212> PRT 

<213> Saioella complicata 
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<400> 2 

Met Ala Ser Pro Ala Leu Arg He Arg Ser He Ser Ser Arg Ser 
15 10 15 

He Ala Ser Leu Arg Ser Val Thr Leu Arg Thr Ala Ser Ala Pro 
20 25 30 

Ser Leu Arg Leu Arg Cys Thr Pro Thr Ser Arg Pro Ser Ser Ser 
35 40 45 

Trp Ala Ala Ala Val Ser Ser Ala Ser Arg Leu Val Glu Pro Asp 
50 55 60 

Pro Asn Gin Pro Leu He Asn Pro Leu Asn Leu Val Gly Pro Glu 
65 70 75 

Met Ser Asn Leu Thr Ser Asn He Arg Ser Leu Leu Gly Ser Gly 
80 85 90 

His Pro Ser Leu Asp Thr Val Ala Lys Tyr Tyr Val Gin Ser Glu 

. 95 100 105 

Gly Lys His He Arg Pro Leu Met Val Leu Leu Met Ala Gin Ala 

HO 115 120 

Thr Glu Val Ala Pro Lys Val Gin Gly Trp Glu Lys Val Val Glu 

125 130 135 

Val Pro Val Asn Glu Gly Leu Ala Pro Pro Glu Val Leu Asn Asp 

140 145 150 

Lys Asn Pro Asp Met Met Asn Met Arg Ser Gly Pro Leu Thr Lys 

155 160 165 

Asp Gly Glu He Glu Gly Gin Thr Ser Asn He Leu Ala Ser Gin 

170 175 180 

Arg Arg Leu Ala Glu He Thr Glu Met He His Ala Ala Ser Leu 

185 190 195 

Leu His Asp Asp Val He Asp Ala Ser Glu Thr Arg Arg Asn Ala 

200 205 210 

Pro Ser Gly Asn Gin Ala Phe Gly Asn Lys Met Ala He Leu Ala 

215 220 225 

Gly Asp Phe Leu Leu Gly Arg Ala Ser Val Ala Leu Ala Arg Leu 

230 235 240 
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Arg Asn Pro Glu Val lie Glu Leu Leu Ala Thr Val lie Ala Asn 



245 



250 



255 



5 



Leu Val Glu Gly Glu Phe Met Gin Leu Lys Asn Thr Val Asp Asp 



260 



265 



270 



20 



15 



w 



Ala He Glu Ala Thr Ala Thr Gin Glu Thr Phe Asp Tyr Tyr Leu 

275 280 285 

Gin Lys Thr Tyr Leu Lys Thr Ala Ser Leu He Ala Lys Ser Cys 

290 295 300 

Arg Ala Ser Ala Leu Leu Gly Gly Ala Thr Pro Glu Val Ala Asp 

305 310 315 

Ala Ala Tyr Ala Tyr Gly Arg Asn Leu Gly Leu Ala Phe Gin He 

320 325 330 

Val Asp Asp Met Leu Asp Tyr Thr Val Ser Ala Thr Asp Leu Gly 

335 340 345 

Lys Pro Ala Gly Ala Asp Leu Gin Leu Gly Leu Ala Thr Ala Pro 



350 



355 



360 



25 



Ala Leu Phe Ala Trp Lys His His Ala Glu Leu Gly Pro Met He 

365 370 375 

Lys Arg Lys Phe Ser Asp Pro Gly Asp Val Glu Arg Ala Arg Glu 

380 385 . 390 

Leu Val Glu Lys Ser Asp Gly Leu Glu Lys Thr Arg Ala Leu Ala 

395 400 405 

Glu Glu Tyr Ala Gin Lys Ala Leu Asp Ala He Arg Thr Phe Pro 

410 415 420 

Glu Ser Pro Ala Arg Lys Ala Leu Glu Gin Leu Thr Asp Lys Val 

425 430 435 

Leu Thr Arg Ser Arg 



Claims 

1. A DNA of the following (a), (b) or (c): 

(a) a DNA having the nucleotide sequence shown under SEQ ID NO:1 ; 

(b) a DNA having a nucleotide sequence derived from the nucleotide sequence of SEQ ID NO:1 by deletion, 
addition, insertion and/or substitution of one or a plurality of nucleotides and coding for a protein having dec- 
aprenyl diphosphate synthase activity; 

(c) a DNA which hybridizes with the DNA having the nucleotide sequence of SEQ ID NO:1 under stringent 
conditions and codes for a protein having decaprenyl diphosphate synthase activity. 

2. A protein of the following (d) or (e): 



440 



45 
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(d) a protein having the amino acid sequence shown under SEQ ID NO:2; 

(e) a protein having an amino acid sequence derived from the amino acid sequence of SEQ ID NO:2 by 
deletion, addition, insertion and/or substitution of one or a plurality of amino acids and having decaprenyl 
diphosphate synthase activity. 

5 

3. A DNA coding for the protein according to Claim 2. 

4. An expression vector constructed by cloning the DNA according to Claim 1 or 3 in an expression vector. 

10 5. The expression vector according to Claim 4 

wherein the expression vector is pUCNT. 

6. The expression vector according to Claim 5 

wherein the expression vector is pNTSal . 



15 



20 



7. A transformant as obtainable by transforming a host microorganism with the DNA according to Claim 1 or 3. 

8. A transformant as obtainable by transforming a host microorganism using the expression vector according to Claim 
4, 5 or 6. 



9. The transformant according to Claim 7 or 8 wherein the host microorganism is Escherichia coir . 

10. The transformant according to Claim 9 wherein the Escherichia coli is Escherichia coli DH5a. 

25 11. The transformant according to Claim 10 which is E. coli DH5a (pNTSal) (FERM BP-6844). 

12. Aprocess for producing a coenzyme Q 10 , which comprises culturing the transformant according to Claim 7, 8, 9, 
10 or 11 in a culture broth and harvesting the coenzyme Q 10 produced and accumulated in the resulting culture. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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